High-resolution ultrasonography has many advantages in the imaging of the musculoskeletal system, when compared to other imaging methods, particularly in superficial, easily accessible parts of the body. It is a perfect diagnostic tool for visualizing the most common pathologies of the musculoskeletal system, including the bursae. Inflammation of bursae is frequent, and it can mimic other diseases of the musculoskeletal system. Therefore, knowledge of normal ultrasound anatomy of the bursae, their exact location in the human body, and the sonographic signs of their most common pathologies is essential for establishing a quick and accurate diagnosis by ultrasound. Common conditions affecting bursae, leading to bursitis, include acute trauma, overuse syndromes, degenerative diseases, inflammatory conditions (rheumatoid arthritis, psoriatic arthritis, gout etc.), infections such as tuberculosis, synovial tumors and tumor-like conditions (pigmented villonodular synovitis, osteochondromatosis), and many more. This review article presents and explains ultrasound examples of the most frequent pathological conditions affecting bursae. Images include normal and pathological conditions of bursae around the shoulder joint, elbow, hip, knee, and ankle joint.
high-resolution ultrasonography, bursa, anatomy, inflammation of fluid within the bursa, localized pain near the inflammation, and adjacent soft tissue swelling (3) . Bursitis occurs in many pathological conditions. They include acute traumatic injury of the bursa; repetitive microtrauma; degenerative diseases; inflammatory conditions affecting synovia, most commonly rheumatoid arthritis and gout; various infections; synovial tumors or pseudotumors like pigmented villonodular synovitis, synovial osteochondromatosis, and many other pathologies (4) . Ultrasonography can be a valuable tool for the detection and evaluation of bursitis. Its specificity and sensitivity in the assessment of bursal pathology, especially in superficially localized bursae, is comparable to MRI (5) . Normal bursae are usually barely or not visible at all using ultrasound (Fig. 1) . A major ultrasound sign of bursitis is the enlargement of a bursa, with an increased amount of fluid within it, which can be anechoic in some
Introduction
Bursae are defined as sac-like structures, normally filled with a small amount of fluid, communicating or not communicating with the adjacent joints, whose function is to reduce the friction between two anatomical structures, tendons or muscles and bones or the skin (1) . Bursae can be either constant or adventitial. Constant bursae are formed during embryological development, lined with synovial cells, containing small amounts of synovial fluid, always appearing in the same, predictable and defined spots. Adventitial bursae are formed later during life, at sites of chronic friction or pressure, and are not lined with any synovial layer. There are about 160 different constant bursae in the human body (2) . Bursitis refers to the inflammation of a bursa, and it is characterized by synovial thickening, increased amount Sonographic assessment of the anatomy and common pathologies of clinically important bursae cases. In other cases, increased echogenicity is apparent due to debris, blood in acute trauma, or puss -if infection appears. Other signs include thickening of the hyperechoic synovial wall, which can be either uniform or irregular. The latter sign is more often present in cases of chronic bursitis. Hyperechoic edema of surrounding soft tissue or lymphedema with increased vascularity on Doppler is a common sonographic sign of bursitis (Fig. 2) .
Recent advances in ultrasound imaging could further improve the detection of bursal pathology, and delineate very small fluid collections, undetectable with conventional ultrasound methods. Several techniques of ultrasound elastography, a qualitative or quantitative method that uses mechanical stress applied to the tissue, and causes changes dependent on elastic tissue properties, show promising results for bursal disease diagnosis. Cases of retrocalcaneal, subacromial-subdeltoid or deep infrapatellar bursae can be detected as small, soft areas, compared to nearby tendons presenting as stiff zones using ultrasound elastography (6) .
The purpose of this review article is to demonstrate the anatomical localization of clinically most important bursae One may distinguish between communicating and noncommunicating subacromial-subdeltoid bursitis (10) . The most common type of subacromial-subdeltoid bursitis is the communicating variant, when the bursa interconnects with the glenohumeral joint. It occurs in cases involving a total rotator cuff tear, either traumatic or degenerative in nature (Fig. 4) . Non-communicating subacromial-subdeltoid bursitis could be a result of shoulder overuse, direct traumatic blow to the bursa, osteoarthritis, rheumatoid arthritis, etc. (Fig. 5 ).
Elbow
Two clinically important bursae are localized near the elbow. Bicipitoradial bursa, around the distal biceps tendon, and superficial olecranon bursa. Olecranon bursa is the most superficial bursa of the human body. It is positioned between the ulnar olecranon and the skin. Olecranon bursa is normally not visible on ultrasound.
To achieve the best sonographic evaluation of the bursa, the patient's hand and elbow should be in 90 degrees flexion, with the palmar side of the hand facing towards the table. The transducer should be positioned in the longitudinal or transverse plane, over the olecranon of the ulna which is used as a bony landmark (Fig. 6A ). Olecranon bursitis often occurs in persons with more pronounced, palpable olecranon ( Fig. 6B and C) . Common etiology includes a traumatic event or infection; even a minor, sometimes neglected trauma or repetitive microtrauma can lead to olecranon bursitis (also known as student's elbow, miner's elbow) (11) . However, septic olecranon bursitis is not uncommon either, of the upper and lower extremity using high-resolution ultrasonography, and to explain the ultrasound diagnosis of the most frequent and clinically most important pathologies of bursae.
Imaging findings

Shoulder
Subacromial-subdeltoid bursa is clinically the most important bursa of the shoulder. However, there are also several other bursae around the shoulder joint: coracobrachial bursa, subcoracoid bursae, and subscapularis subtendinous bursa (7) . Subacromial-subdeltoid bursa is the largest bursa of the human body, but the two walls of the bursa are normally only up to 2 mm apart (8) . It is composed of subacromial and subdeltoid portions, which in the majority of people communicate by a connective tissue band (9) . Normal subacromial-subdeltoid bursa is localized between the rotator cuff tendons and the deltoid muscle, and the rotator cuff tendons and the acromion.
For the best representation of the bursa by ultrasound, the patient's hand should be resting on the iliac wing, while the arm should be positioned posteriorly. The transducer should follow the long axis of the supraspinatus tendon (Fig. 3A) . The bursa is normally visible on the ultrasound scan as a thin, linear, anechoic structure between hyperechoic peribursal fat, but the synovia is not apparent on ultrasound (8) (Fig. 3B) .
Fig. 4. Communicating subacromial-subdeltoid bursitis. Communication (arrowhead) between the glenohumeral joint and the bursa (arrows) is visible through a total tear of the supraspinatus tendon. The bursa is filled with a moderate amount of hyperechoic fluid. H-humeral head
Fig. 5. Non-communicating subacromial-subdeltoid bursitis. An increased amount of fluid in the bursa (arrows) in a patient with calcifying supraspinatus tendinopathy (filled arrow). T-tuberculum majus
Sonographic assessment of the anatomy and common pathologies of clinically important bursae due to its superficial localization and poor vascularity, particularly in immunocompromised patients (12) , occurring in about a third of patients with bursal inflammation (11) . Olecranon bursa is most commonly affected by inflammation of all the constant bursae (12) .
Hip
There are three bursae around the trochanter major of the femur. Trochanteric bursa, which is the largest of the three, covers the lateral insertion of the medial gluteus muscle and posterior trochanteric facet. Subgluteus medius bursa is located between the tendon of gluteus medius and the lateral facet. Subgluteus minimus bursa can be found between the gluteus minimus tendon and the anterior facet of the femur (13) . It is proposed that pain of the lateral hip, known as greater trochanteric pain syndrome, is in most cases a result of pathology involving gluteal tendons or the iliotibial band. Fluid within bursae is secondary to these conditions, the primary trochanteric bursitis being very rare (14) .
Iliopsoas bursa is the largest bursa around the hip. For the assessment of the iliopsoas bursa pathology, the patient should be resting supine with 180° hip extension. The transducer should be positioned in the longitudinal plane, over the femoral head and femoral neck which are used as bony landmarks (Fig. 7A) . The bursa should be seen between the musculotendinous part of iliopsoas muscle and the anterior capsule of the hip (15) (Fig. 7B) . Iliopsoas bursa communicates with the hip joint in 15% of adults (16) , and an enlarged bursa can be a consequence of hip pathology: osteoarthritis, inflammatory disease etc. (17) , or primary bursitis.
Knee
There are several bursae around the knee. They include prepatellar, deep and superficial infrapatellar bursae, and suprapatellar bursa anteriorly to the knee; Baker's cyst in posterior knee compartment; medial collateral ligament bursa (Fig. 8) , semimembranosus-medial collateral ligament bursa, and pes anserine bursa medially; lateral collateral ligament bursa, and iliotibial bursa laterally to the knee (5) .
During the embryological development, the suprapatellar bursa is divided from the knee joint with a thin septum or plica, but later the plica disappears, and it normally communicates with the knee joint in over 80% of adult individuals (18) . Suprapatellar bursa is situated between
Fig. 6. A. Evaluation of the olecranon bursa. Positioning of the patient and the transducer. B. Superficial olecranon bursitis in the transverse plane (*). O-olecranon. C. Superficial olecranon bursitis in longitudinal plane (*). O-olecranon
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Slavcho Ivanoski, Violeta Vasilevska Nikodinovska the effusion within the suprapatellar recess or the Baker's cyst can be adequately assessed by ultrasonography (22) . The fluid within the recess can be anechoic or hypoechoic (Fig. 10) , hyperechoic, containing blood in cases of severe trauma or severe arthritis. Sometimes fat fluid level can be visible within the recess as a sign of intraarticular fracture (22) (Fig. 11 ).
Baker's cyst is the normal gastrocnemius-semimembranosus bursa, in some adults communicating with the posterior part of the knee capsule through a thin neck (23) ( Fig. 12A ). Baker's cyst is located between the semimembranosus and medial head of gastrocnemius tendons. To evaluate its presence and pathology by ultrasound, the patient should lie prone with a fully extended knee. The transducer should be placed in the longitudinal or transverse plane, in the medial half of the popliteal fossa, centered between the semimembranosus and medial gastrocnemius tendons which can serve as anatomic landmarks (Fig. 12 B) .
Its presence is often related to knee effusion, and it occurs in about 40% of patients with mass lying posterior to the knee (24) . The cyst enlarges frequently in cases of knee overuse, osteoarthritis of the knee, arthritis, pigmented villonodular synovitis, synovial osteochondromatosis the intercondillar fossa of the femur and the quadriceps tendon.
For the sonographic evaluation of the suprapatellar bursa, the patient should rest in the supine position with 25-30 degrees knee flexion. The transducer should be positioned in the longitudinal plane, proximal to the upper pole of the patella used as bony landmark (Fig. 9) . Suprapatellar bursa is enlarged in the majority of pathologic conditions affecting the knee and producing excessive fluid within the joint. Even small amounts of fluid in the suprapatellar bursa can be visualized by high-resolution ultrasound, which is comparable to MRI in the detection of fluid and synovitis both in the suprapatellar recess and the Baker's cyst (19, 20) . The quantity (21) , but also the quality of
Fig. 8. Medial collateral ligament bursitis. There is a large amount of anechoic fluid filling the bursa (*) between the superficial and deep layers of the medial collateral ligament. M-medial meniscus, T-tibia, F-femur
Fig. 7. A. Evaluation of the iliopsoas bursa. Positioning of the patient and the transducer. B. Iliopsoas bursitis in the longitudinal plane. Enlarged, fluid-filled iliopsoas bursa (arrow) is visible deep to the ileopsoas tendon (arrowhead). An increased amount of fluid in the anterior hip recess (*)
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Sonographic assessment of the anatomy and common pathologies of clinically important bursae (Fig. 12C) etc. Rupture of a Baker's cyst with synovial fluid leakage in the calf is the most common and very painful complication. In case of Baker's cyst rupture, there is a free soft-tissue fluid around the cyst visible on ultrasound.
Prepatellar bursa is normally a very thin structure, filled with a minimal amount of fluid, not visible on ultrasound.
It is localized between the patellar surface and the proximal part of the patellar ligament and the skin.
For the sonographic assessment of prepatellar bursitis, the patient should rest supine, with the knee in partial (25-30 degrees) flexion. The transducer should be placed in the longitudinal position, over the inferior patellar pole which is used as a bony landmark (Fig. 13) . Prepatellar bursitis, also known as housemaid's knee is a common painful condition, easily visible sonographically (Fig. 14) . In the majority of cases, it is a result of chronic overuse. Less commonly, it develops as a consequence of direct traumatic blow (25) . Professions involving prolonged kneeling such as floor layers, carpenters, auto mechanics, housemaids and others are especially prone to prepatellar bursitis.
Superficial infrapatellar bursa is normally situated between the skin and the distal part of the patellar ligament. For the best representation of the superficial as well as deep infrapatellar bursa, the patient should lie supine, with a partially flexed (30 degrees) knee. The transducer should be in the longitudinal plane, following the fibrillar structure of the patellar ligament, just above the tibial tuberosity which could be used as bony landmark (Fig. 15) . Superficial infrapatellar bursitis is also known as clergyman's knee. In the majority of cases, it results from an acute traumatic injury (direct blow to the bursa) or chronic overuse (26) (Fig. 16 ).
Deep infrapatellar bursa is located between the inferior part of the patellar ligament and the anterior tibial surface (Fig. 15 ). Normal bursa in some situations can be visualized by ultrasound as a very small collection of anechoic fluid (27) posteriorly to the patellar ligament (Fig. 17) . The etiology of the deep infrapatellar bursitis includes excessive sports activity, especially long-distance running and jumping (Fig. 18) .
Ankle
There are two clinically important bursae near the Achilles tendon (28) . The deeper, retrocalcaneal bursa lies between the distal anterior part of the Achilles tendon and the Slavcho Ivanoski, Violeta Vasilevska Nikodinovska posterosuperior part of the calcaneus. Normal retrocalcaneal bursa, which is a constant bursa, can be visible on ultrasound in almost 25% of healthy individuals (27) . The superficial, or also called "Achilles", bursa is situated between subcutaneous fat tissue and the distal Achilles tendon or the calcaneal surface. Sonographic assessment of the anatomy and common pathologies of clinically important bursae
In order to evaluate both bursae by ultrasound, the patient should lie prone, with feet hanging over the bed. The calcaneal tuberosity can be used as bony landmark for identifying the bursae. The transducer should be positioned in the longitudinal plane, following the Achilles tendon (Fig. 19) .
The deep retrocalcaneal bursa is more commonly affected by various inflammatory diseases, traumatic and overuse injuries than the superficial Achilles bursa. Inflammation of the deep retrocalcaneal bursa combined with insertional Achilles tendinopathy, formerly known as Haglund "impingement" syndrome (29, 30) , is a common type of bursitis (Fig. 20) . The superficial retrocalcaneal bursa is an adventitial bursa that can form after birth as a result of chronic friction, usually in people wearing tight shoes (29) .
Conclusion
High-resolution ultrasonography has many advantages in the imaging of the musculoskeletal system, including the imaging of the bursae, compared to other imaging methods, particularly in superficial, easily accessible parts of the body. The main advantages of the technique include ease of use, good acceptance by the patients, low cost of the examination in comparison to other modalities such as MRI, and the possibility of side-to-side comparison. It is arguably a perfect method for diagnosing the most common pathologies of the bursae. However, good knowledge of normal ultrasound anatomy of the bursae, their 
